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\  Abstract 

— 'This  paper  introduces  the  physiochemical  properties  of  a  new 
organic  oxidizer  -  2,  3,  5,  6  -  tetranitrato  -  1,4  - 
Dinitropiperazine  (TN).  Based  on  White's  minimization  of  Gibbs 
free  energy  principle,  its  energetic  characteristics  in  solid 
propellants  are  Investigated  with  the  aid  of  a  computer.  The 
results  indicate  that  the  theoretical  specific  thrust  of  a 
composite  solid  propellant  consisting  of  TN,  aluminum  powder  (Al) 
and  HTPB  can  reach  276  sec,  approximately  10  sec.  higher  than  the 
Ap,Al  and  HTPB  series  of  propellants.  This  demonstrates  that  TN 
is  Indeed  a  high  energy  oxidizer.  In  addition,  characteristics 
of  smokeless  propellants  consisting  of  TN  and  HTPB  are  being 
studied  preliminarily  in  this  paper. 

Introduction 

Propellant  is  an  energy  source  for  a  space  craft.  According 
to  the  rocket  range  equation  and  the  final  velocity  formula  for 
the  active  section 

•*■/«•#  (1) 

where  Vj^  is  the  maximum  final  velocity  of  the  active  segment  of 
the  rocket; 
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Ig  is  the  specific  thrust  of  the  propellant; 

Wp  and  are  the  weight  of  the  propellant  and  the 
structural  weight  of  the  engine,  respectively; 

Sq  is  the  range  of  the  active  section; 
g  is  the  gravitational  acceleration;  and 
K  is  a  constant 

One  can  see  that  the  range  of  the  rocket  is  proportional  to  the 
specific  thrust.  On  the  other  hand,  when  the  range  and  other 
parameters  are  fixed,  the  amount  of  propellant  can  be  reduced 
with  increasing  specific  thrust,  resulting  in  the  reduction  of 
the  weight  of  the  engine.  Therefore,  to  investigate  ways  and 
methods  to  improve  the  energy  of  the  propellant  has  a  very  important 
significance  in  the  development  of  the  aerospace  industry.  One 
of  the  primary  methods  to  raise  the  energy  of  the  propellant  is  to 
include  highly  energetic  materials  in  the  propellant  to 
the  extent  possible,  such  as  energetic  oxidizers  and  binders. 

This  paper  discusses  a  theoretical  study  of  the  energetic 
characteristics  of  a  new  energetic  oxidizer  TN  in  solid 
propellants . 

In  the  seventies,  Wang  Zenghui  and  Tien  Deyu  designed  and 
successfilly  synthesized  2, 3, 5, 6  -  tetranitrato  -  1,^ 
dinitropiperazine  (TN)  in  China.  As  compared  to  the  commonly 
used  oxidizer  ammonium  perchlorate  (Ap),  it  has  advantages  such 
as  absence  of  chloride  and  high  energy.  To  date,  it  has  not  been 
reported  in  the  literature.  The  physicochemical  properties  of  TN 
are  briefly  introduced  in  this  paper.  Based  on  the  minimization 
of  Gibbs  free  energy  principle  by  White,  a  computer  program  is 
compiled  in  FORTRAN  and  run  on  a  DPS-6  computer  to  calculate  the 
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characteristics  of  composite  solid  propellants  consisting  of  HTPB' 
(Hydroxytetrapolybutadiene}-TN ,  HTPB-Al-TN  and  HTPB-Al-Ap-TN. 
Parameters  such  as  the  theoretical  specific  thrust  (Igp)» 
characteristic  velocity  (c*),  combustion  chamber  temperature  (T^) 
and  combustion  products  are  obtained.  In  addition,  some  patterns 
are  found.  Among  the  HTPB-TN  propellants,  when  the  weight  ratio 
of  TN  to  HTPB  is  9:1,  the  theoretical  specific  thrust  reaches  its 
maximum  of  269.33  sec.  In  the  HTPB-TN-Ap-Al  series,  the  energy 
indicator  increases  with  increasing  TN  content.  If  TN  is  used  to 
totally  replace  Ap,  I^p  can  be  increased  by  10  sec.  Based  on 
this  TN  is  indeed  a  high  energy  organic  oxidizer  which  is 
worthwhile  to  be  further  investigated. 

II.  Brief  Introduction  to  the  Physicochemical  Properties  of 
2,  3,  5,  6-Tetranitrato  -1,4  Dinitropiperazine 
TN  is  a  new  high  energy  organic  oxidizer.  The  synthesized 
TN  appears  to  be  white  short  cylindrical  crystals.  Its  melting 
point  is  138~140'’C.  Through  elemental  analysis,  infrared 
spectroscopy  and  nuclear  magnetic  resonance,  its  chemical  formula 
is  proven  to  be  C^H^NgO^^. 


Its  structure  is 


NO. 

I 

N 

/  \ 

O.NO-CH  HC-ONO. 

I  I 

O.NO-CH  HC-ONO. 

\  / 

N 

I 

NO. 


The  heat  of  combustion  is  -4647.17  kJ/kg  and  its  heat  of 

formation  is  -220.62  kJ/mole  (-525.26  kJ/kg).  Its  specific 
20 

gravity  d2Q  is  1.812.  The  theoretical  oxygen  content  is  60.95%. 
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The  oxygen  content  per  unit  volume  is  1.105  g/cm  ,  which  is  close 
to  that  of  liquid  oxygen  (the  oxygen  content  per  unit  volume  is 

3 

1.14g/cm  for  liquid  oxygen). 

III.  Energetic  Characteristics  of  TN  in  Solid  Propellants 

A  computer  program  is  compiled  in  FORTRAN  based  on 

White's  principle  of  minimization  of  Gibbs  free  energy  to 

calculate  energetic  parameters  such  as  the  theoretical  specific 

thrust  Igp »  combustion  chamber  temperature  T^. ,  and  the  average 

molecular  weight  of  the  gaseous  product.  The  calculated 

results  were  found  to  be  very  close  to  the  values  reported  in  the 
[2] 

literature  .  The  theoretical  specific  thrust  only  fluctuates 
within  the  range  of  1  sec,  as  shown  in  Table  1.  Thus,  we  proved 
that  the  algorithm  and  the  program  are  accurate  and  reliable. 

The  scope  of  this  discussion  is  limited  to  simple  propellant 
systems  consisting  of  oxidizers,  binders  and  metallic  additives. 


assuming  that  the  minor  constituents  would  not  significantly 
affect  the  energetic  characteristics.  The  properties  of  the 
compounds  used  are  briefly  listed  in  Table  2. 

We  chose  HTPB  as  the  binder  and  calculated  the  energetic 
parameters  of  three  systems: 

1.  Effect  of  TN  and  Al  Contents  in  the  TN-HTPB-Al  Series  on 
Its  Energetic  Characteristics 

When  the  HTPB  content  is  fixed  (11X),  the  energy  of  the 
propellant  increases  with  increasing  aluminum  content  (the 
content  of  TN  also  decreases  correspondingly).  As  the  aluminum 
content  Increases  by  IQTL,  the  theoretical  specific  thrust 
increases  by  7  sec,  the  combustion  chamber  temperature  goes  up  by 
680K,  and  the  characteristic  velocity  increases  by  48  in/sec,  as 
shown  in  Table  3  and  Figure  1.  The  calculated  results  show  that 
with  increasing  combustion  chamber  temperature  T^ ,  the 
theoretical  specific  thrust  I^p  and  characteristics  velocity  C* 
rise.  As  the  mean  molecular  weight  of  the  combustion  product 
increases,  the  theoretical  specific  thrust  and  characteristic 
velocity  decrease.  The  effect  of  the  adiabetic  index  is  not 
significant,  which  is  consistent  with  the  following  equation. 

T  -\/t  /tt 

s  ^  c'  gc 

where  is  the  mean  molecular  weight  of  the  gaseous  product. 


Table  1.  Comparison  of  Energetic  Parameters  Calculated  Using 
the  Computer  Program  and  Values  Reported  in  the 
LiteratureCL] 
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Table  2.  Brief  Properties  of  Compounds  Used 
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3.  chemical  formula 
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5.  heat  of  formation 

6.  2,  3,  5,  6  -  tetranitrato  -  1 ,4  -  dinitropiperazine 

7.  ammonium  perchlorate 
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Table  3.  Effect  of  Various  TN  and  Al  Contents  on  the  Energetic 
Parameters  of  Propellants 
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Figure  1.  Effect  of  Varying  TN  and  Al  Contents  on  the  Energetic 
Characteristics 


2.  Effect  of  Varying  TN  and  Ap  Contents  on  the  Energetic 
Characteristics  of  the  TN-Ap-Al-HTPB  System 

When  the  HTPB  and  Al  contents  are  fixed  (11%  for  HTPB  and 
16%  for  Al) ,  the  energy  of  the  propellant  increases  with 
increasing  TN  content  (the  content  of  Ap  decreases 
correspondingly).  When  the  content  of  TN  increases  by  1%,  on  the 
average,  the  specific  thrust  increases  by  0.15  sec,  the 
combustion  chamber  temperature  goes  up  by  5.6K  and  the 
characteristic  velocity  increases  by  0.93  m/sec.  If  Ap  is 
completely  replaced  by  TN  in  the  formulation,  I^p  will  increase 
by  approximately  10  sec.  as  compared  to  that  of  a  propellant 
without  any  TN.  The  calculated  results  are  shown  in  Table  4  and 
Figure  2. 

Table  4.  Effect  of  Varying  TN  and  Ap  Contents  on  the  Energetic 
Parameters  of  the  Propellant 
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2.  formulation  (7.) 
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As  we  all  know  the  higher  the  sum  of  the  heat  of  formation  /88 
of  each  constituent  of  the  propellant  is,  the  higher  the  energy 
is . 

aH  =  aH  —  aH 

combustion"  product”  propellant 

“’combustion’  ‘"product  ‘"propellant 
of  propellant  combustion,  the  formation  heat  of  the  product  and 

the  heat  of  formation  of  the  constituents  of  the  propellant, 

respectively.  The  heat  of  formation  of  TN  is  larger  than  that  of 

Ap.  Therefore,  increasing  TN  content  will  improve  the  energy 

content.  From  the  structure  of  the  compound,  TN  contains  more 
highly  energetic  functional  groups,  such  as  -NNO2  and  -ONO2,  and  does 
not  contain  Cl.  Hence,  the  energy  of  TN  is  higher  than  that  of 
Ap.  The  calculated  results  also  verified  this  point. 
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Figure  2.  Effect  of  Varying  TN  and  Ap  Contents  on  the  Energetic 
Characteristics 


3.  Effect  of  Varying  Contents  of  TK  and  HTPB  on  the 
Energetic  Characteristics  of  the  TN-HTPB  Smokeless  Propellant 


System 

With  increasing  TN  (and  correspondingly  decreasing  HTPB), 

the  theoretical  specific  thrust  characteristic  velocity 

(C*)  will  rapidly  increase.  As  TN  is  increased  from  80%  to  90%, 

I  is  increased  from  247.96  sec  to  269.33  sec.  I _  is  increased 

sp  sp 

by  21.4  sec.  When  TN  content  continues  to  increase,  energetic 

parameters  such  as  begin  to  decrease  gradually.  When  the  TN 

content  is  90%,  the  theoretical  specific  thrust  I  _  has  its 

sp 

maximum,  as  shown  in  Table  5  and  Figure  3.  The  oxygen  balance  of 
the  propellant  at  the  maximum  is  -11.4%. 


Table  5.  Energetic  Parameters  of  the  TN-HTPB  Series  of  Smokeless 
Propellants 


1 .  number 

2.  formulation  (%) 

3.  energetic  parameters 

Based  on  the  calculated  results,  the  CO2  content  in  the 

product  Increases  rapidly  with  increasing  TN  content.  The 

contents  of  H2O  and  CO  will  decrease  and  the  heat  released  in  the 

combustion  will  increase.  The  temperature  of  combustion  will 

increase,  leading  to  an  Increasing  specific  thrust.  When  the 

content  of  TN  is  excessively  high,  the  degree  of  oxidation  of  the 
product  increases,  i.e.,  Che  content  of  CO2  and  0^  increases;  once  the  TN 

content  exceeds  902  the  content  of  O2.  in  particular, 

increases  significantly.  The  combustion  temperature  will  drop. 

In  addition,  due  to  an  increase  of  complex  molecules  such  as  CO2 
and  ©2  in  the  product,  the  mean  molecular  weight  of  the  product 
increases,  causing  the  specific  thrust  to  drop  rapidly  as  shown 
in  Table  6  and  Figure  4. 


Figure  4.  Effect  of  Varying  HTPB  and  TN  Contents  on  the  Specific 
Thrust  and  Combustion  Products 

The  composite  smokeless  propellant  consisting  of  HTPB  and  TN 
does  not  contain  elements  such  as  A1  and  Cl.  Thus,  the  smoke  is 
drastically  reduced  during  combustion,  which  satisfies  the 
practical  requirements  of  engines  for  satellites,  spacecraft  and 
tactical  rockets.  As  compared  to  propellants  containing  A1  and 
Cl,  it  has  the  advantages  of  low  combustion  temperature,  less 
engine  nozzle  erosion,  lower  mean  combustion  gas  molecular 
weight,  absence  of  two  phase  loss  and  high  energy  efficiency. 

Because  the  effective  oxygen  content  of  TN  is  high  and  its 
own  energy  content  is  also  high,  therefore,  we  used  TN  to  replace 
the  oxidizer  ammonium  chloride  in  the  smokeless  propellant.  In 
addition,  we  performed  a  calculation  for  this  system.  The 
results  showed  that  the  addition  of  TN  can  greatly  Improve  the 
specific  thrust  of  the  propellant.  The  maximum  specific  thrust 


is  close  to  that  of  the  propellant  containing  aluminum  and  Ap. 
Based  on  the  above  calculation  and  discussion,  theoretically 
speaking,  TN  is  an  energetic  organic  oxidizer. 

IV.  Conclusions 

The  nitrogen  content  of  2,  3,  5,  6  -  tetranitrato  -  1,4 

dinitropiperazine  is  26.67  X  and  its  oxygen  content  (61%)  is 

high.  Its  specific  gravity  is  relatively  large.  The  volumetric 

3 

oxygen  content  (1.105  g/cm  )  is  close  to  that  of  liquid  oxygen. 
The  theoretical  specific  thrust  of  this  single  component 
propellant  is  233.21  sec.  The  specific  thrust  of  a  smokeless 
propellant  containing  TN  and  HTPB  increases  with  increasing  TN 
content.  When  the  TN  content  is  90%,  the  maximum  theoretical 
specific  thrust  can  reach  269.33  sec  and  the  characteristic 
velocity  C*  can  be  as  high  as  1610.5  m/sec.  The  theoretical 
specific  thrust  of  a  composite  solid  propellant  consisting  of  TN, 
HTPB  and  A1  could  reach  276  sec  and  the  characteristic  velocity 
could  reach  1662  m/sec. 

Among  propellants  consisting  of  HTPB-Al-TN-Ap ,  when  the 
contents  of  HTPB  and  A1  are  fixed,  the  specific  thrust  increases 
with  increasing  TN  (and  decreasing  Ap).  Its  values  vary  between 
265-  275  sec. 

We  can  conclude  from  the  above  discussion  that  energetic 
oxidizers  and  other  energetic  components  of  the  propellant  can 
improve  its  energy  content. 

From  the  energy  angle,  the  contribution  of  TN  as  an  oxidizer 
to  the  energy  of  the  propellant  is  discussed  theoretically  in 


this  paper.  The  calculated  results  indicate  that,  because  the 
oxygen  content  of  TN  itself  is  higher  than  that  of  Ap  and  it  is 
an  energetic  oxidizer,  therefore,  the  use  of  TN  to  replace  Ap  as 
the  oxidizer  can  increase  the  energy  of  the  propellant.  In 
addition,  because  TN  does  not  contain  Cl,  it  can  also  be  used  in 
smokeless  propellants. 

The  authors  wish  to  express  their  gratitude  to  Associate 
Professor  Jiang  Yu  for  his  assistance  during  the  writing  of  this 
paper. 
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CALCULATED  RESEARCH  ON  THE  ENERGETIC 
CHARACTERISTIC  OF  TN  IN  COMPOSITE 
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Abstract 

This  paper  discussed  brkriy  the  properties  of  •  aew  organic  oiudizer— 2,3.S,6-Tetrani- 
ttato-I.A-Diniuopiperaziae  (TN).  on  the  basis  of  the  method  of  White's  Mioimizatioa  of 
Gibbs  Free  Energy,  we  also  studied  the  aaeigettc  chancterkties  of  TN  in  Composite  Solid 
Propellant  by  means  of  electronic  computer.  The  calcuiated  ftsulis  show  thatthc  theoretic; 
specific  imtihhf  of  the  system  of  TN,  Al  and  MTPB  icaches  2H  aecoads.  about  ten  seeend> 
higher  than  the  qrstam  of  AP,  Al  and  HTPB.  This  shows  that  TN  docs  act  as  a  high  energetic 
•sidizm.  The  paper  also  did  an  initial  maarch  M  the  euergetic  characteristics  of  composite 
aoiid  smokelett  paopeUaat  coasiamd  of  TN  tad  HTPB.  N 


